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Outline of Talk
S

* Review what is known about stratospheric temperature TRENDS

* Characteristics of past, current, and future SENSORS

* Science questions of Zonal /Seasonal Patterns in Stratosphere

* Decadal Observed IR B.T. trends (Lower and Upper Stratosphere)
* Assessment of IR using GPS RO (using RO as reference)

* Assessment of GPS RO using IR (using IR as reference)

* Conclusions/Future Work



Advanced Review

Stratospheric temperature trends:

our evolving understanding

Dian J. Seidel,’ Nathan P. Gillett,2 John R. Lanzante,3 Keith P. Shine*
and Peter W. Thorne®
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Estimating low-frequency variability and trends in atmospheric
temperature using ERA-Interim
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Figure 21. Anomalies in monthly and globally averaged temperatures (K) from ERA-Interim (black) and from ten model runs (grey) for 1900—2009 with prescribed
distributions of SST (varying from run to run), sea-ice and trace constituents, at the indicated tropospheric and stratospheric levels: (a) 2 m and 850-100 hPa, (b)
70—1 hPa. Anomalies are calculated relative to 1980—2009, and for each model run the anomaly is relative to the ensemble mean.
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Figure 22. AsFigure21,adding the MERRA anomalies (thinner lines, darker grey
but showing only the uppermost five highest levels and the period 1979-2009.
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WIREs Climate Change Stratospheric temperature trends

Heritage Stratospheric InfraRed
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FIGURE 2| Vertical sampling of satellite 40

and radiosonde observations of stratospheric 40

temperature. Left: vertical weighting

functions for satellite Microwave Sounding 35

Unit (MSU) and Stratospheric Sounding Unit 30

(SSU) stratospheric temperature observations

as a function of pressure (left axis) and height 25

(right axis). The dashed line at about 27 km 36

(30 hPa) indicates the typical maximum Tropopause
height of historical global radiosondes data 15 A level
coverage (Figure 1). Right: schematic of
atmospheric vertical structure and its 10

latitudinal variation. (Modified from Climate 5

Change Science Program Synthesis and Surface
Assessment Product 1.1%) Height (km)
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SSU & MSU Climatology (1979-2005)
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Fii. 2. Latitude-month climatological annual cycle of temperature for (bottom to top) the

MSU-TLS and 55U-25, -26, and -27 data. The contour interval is 2 K, with every 10 K high-
lighted by thicker lines. Two complete cydes are shown.




SSU & MSU Climatology (1979-2005)

AIRS IR 10-year Climatology (2003-2012)
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From Young et al., 2011, J. Climate.



AlIRS Brightness Temperature Mean: Antarctic
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AIRS Tb Anomaly Time Series 70°S-70°N (Jan 2003 — Dec 2012)

Trend (K/yr): -0.0659
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Trend (K/yr): —0.0081
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- How can we Verify AIRS BT trends?

Approach (Completed):

1) Develop a time/space matchup method
between IR and GPS RO that greatly reduces
sampling error (Feltz et al. (2014) JGR, accepted)

2) Apply matchup methodology to compare L2
derived products from both IR and GPS RO

(Feltz et al. (2014) AMT, accepted)

[Result caused a “stir” in the RO community regarding GPS RO systematic errors.]



- How can we Verify AIRS BT trends?

Approach (in progress):

3) Perform radiative transfer model calculations to
convert GPS RO temperature retrievals into
brightness temperature for comparison to AIRS
observations.

4) Perform an detailed uncertainty analysis of the
IR and GPS RO in units of brightness temperature.

Steps 1-4 comprise the Master’s Thesis of Michelle Feltz at UW-Madison.



The UW IR/GPSRO Combined Dataset

COSMIC GPS RO AIRS IR Sounder
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COSMIC-I: ~1,000 vertical Temperature profiles per day
IR Sounder: ~ 324,000 vertical Temperature profiles per day
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- Evaluation of IR using GPS RO

Products to Evaluate:
Aqua/AIRS NASA Science Team Retrieval v6

MetOp-A/IASI EUMETSAT Retrieval v6

Reference Dataset:
FormoSat/COSMIC

UCAR Dry Temperature (Version 2012)
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Can COSMIC dry
temperatures be
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for IR/MW Sounders?

The area weighted global
average difference
profiles look good!

Bias is 0.5 or less
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hPa up to 5 hPa.



(AIRS — COSMIC) & (IASI - COSMIC)
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(AIRS — COSMIC) & (IASI - COSMIC)
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- Evaluation of GPS RO using IR

Products to Evaluate:

FormoSat/COSMIC (six satellites)
UCAR Dry Temperature (Version 2012)

MetOp-A/GRAS (one satellite)
UCAR Dry Temperature (Version 2012)

Reference Dataset:

MetOp-A/IASI NOAA Retrieval v5
(IASI has better matchup statistics with GRAS, same platform)
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(IASI = COSMIC) - (IASI — GRAS)
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While it was recognized in the RO community that there were systematic differences
among the different GPS RO processing centers (UCAR, Wegner, ROM-SAF, ECMWEF),
it came as a surprise that there would be a bias between COSMIC and GRAS when
processed with the same processing software, in this case the UCAR processing code.

This result has lead UCAR to change the code in reprocessing of COSMIC and GRAS data
to improve the consistency of the UCAR products but not necessarily improve the accuracy.



- Comparison of IR and GPS RO
in BT Units

Products to Evaluate:

FormoSat/COSMIC L2 Dry Temperature
MetOp-A/GRAS L2 Dry Temperature
Reference Dataset:

Aqua/AIRS L1B Radiances (NASA v5)
Radiative Transfer Model:

OSS (LBLRTM v12 with AER database)
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COSMIC & AIRS Retrieved Air Temperature: weighted T level Antarctic
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CONCLUSIONS

The hyperspectral InfraRed observations from AIRS, IASI,
and CrlIS can provide the natural continuation of the SSU
sensor for the IR monitoring of stratospheric temperature
change with much better radiometric and spectral
accuracy.

GPS RO and IR can be used as a useful reference for each
other. The error characteristics compliment each other.

Further work needs to be performed to verify the
observed radiance trends through intercomparison of IR
sensors and comparison to GPS radio occultation profiles.

The methods developed here should prove useful for the
analysis of CLARREO IR and GPS RO datasets in the future.



